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(54) OPTICAL TRANSMISSION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compensate for waveform deterioration 
caused by wavelength dispersion or SPM. 

SOLUTION: A decoder 22 on the reception side decodes data signals 
by applying code error correction to electric signals being output from 
an optical receiver 21. Also, the decoder 22 compares the code error 
rate before the code error correction with the code error rate after the 
code error correction, to output error rate information generated on an 
optical fiber transmission line. An optical error rate information 
transmitter 24 converts an error rate information electric signal AM 
modulated by an error rate information modulator 23 to an optical signal 
to be forwarded to the transmission side. An optical transmitter 12 on 
the transmission side controls the bias voltage and signal amplitude to 
be fed to an EA modulation part according to error rate information S2 
demodulated by an error rate information demodulator 14 so as to 
l-educe the -error rate to a minimum, and to optimize the chirp 
coefficient ain the EA modulation part. 
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(i. 80kmW*-t-K7T'fA (SMF : 

Single ModeFi ber) tffft^htlh . 
[0050] 'gftilMcfc^-C. #7 r 4 Ag}3&»3 
1 t5£V%*77 2 5 aYLX%mtlt;T-fi/tm^ 
it. #£(1212 lfcA^LT 1 0. 66Gb/s NR 

#iR0inE»lSilT9. 95Gb/s NRZf-? 

[005 1 ] «#«2 2#>S»aJ:a§*lSift , 3*W 



TtiMfiff 2 4 tc ct o T-^3t«#i: \m%hm%<m. o 

l/3t7r^Af»*S&3 1 *^LTiS<iWSBfcaiaj$*i 

[0052] mmmmizm&ztifMmmm^ 

it. ftATy 1 5CJ: 9*H»S:fcTH9*fl!«*»gS 
1 3fcAflLTKD*tiB^£-ttc3ett3*u f£9$ 
flHISlillff 1 4 (c J: OffiHSfiK 04MR4RS 2 fc l/C* 

[00 53] Jt^ffS 12(4, »0*flW8ta^*flW 
aO*«/Mc«r6 J: 3 tE ASOHItlctt*^ &/W 7x 

^Kaxvm^nm&mwL. EA»«ft- 7*« 

[00 54] £Oj:3(CEA^»9**-7*ff»a£ 
Mb-f&iitCctO, 3Mfirtifl!t774A (DCF) * 
f Wh7r>fAyi/-f^y7' (CFG) f£OM 
ffifflt&£ffl^Sifc=5r<, »fi#tti3J:tfSPMfc:J:* 

too55] m3&*w%<m2<7)mmm:7Ft7<a 
h. 

[0056] ^wmma. Kimiftmmmm 
Tit. fmwm&iitLx^&tf. t&Mtktzmmi. 

[0 0 57] H3Cfe^T. +«lt1iSl40a37JiJfcJ: 
VXMzfttiTy 5 liiiX/ 5 2Z*tl?ftMVT^ 
h. SftHl^a*^3t7r^A^K3 4^{ti$nJt 

tz%i}7^ 5 1 tJ; 0^«$fL, 4>«tmHB» 4 
fcR»tfc*ufc3fc#7 , 5 4 1 tcj; 0fHA'3t7 r >f Afi3S» 

[0058] t^r^*, . 367 r 4 Aggftfc4>«iJ!M!8 
* { ISS§n/c*l^t-t, . mO*ffl?fi(i4'l8ii©S54 

[ 00 5 9 ] =5rfc, i^0*tSfS3tfi-f(i, ffiv^MRObS 

BE«ga*rtri6-c*o, ^m^mm^izmh^m 
^mmmmmixhxw 

[0060] T-'-^^fi-ftJiS'JttaflfS^ji 

[oo6i] m^t^mcom^mmm^-rro 
•y^mxh r ). fczzw. (wdm) mm^z.'rMzm 
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[ 0 0 6 2 ] 04 fcfcWt , j£fiU£S£tt. WHO* 

■v^vuc hi-ch nff)T-fmfmm*ti?ti$& 

tttSft^Ss (ENC) 1 1-1-1 1-nfc. 

(OTX) 1 2-1-1 XflffllS 

WW8WR«^tc3C»-f SIR OWMtBtsaiS 1 3 1 . 

fi#«r«W**^*/HRO*flWlfl[«»l 6t, ft 
T^MftSs (OTX) 1 2- 1-1 2-ntf*tl?tli£1} 

t, 3t^HR8l 7£J:9-&»S*iT«*U:£?-+* 
MI6 1 1 . Sflffl!lgS*^^7r^^'eiMK3 2 Z1t 

bkiffiLX^h. 

[00 63] ZZX\ flF*» (ENC) 11-1-11 
-n. %j£fi» (OTX) 12-1-1 

mmx&mi& 1 3 ii, 0 it* L^flf#» (eno 
1 1 . (otx) 1 2awHo«s«*sfi» 

[ 0 0 6 4 3 , stgngsiictt. aim ngsa^si 

#tc**i<e*ijaft-r*3i£swi»(0Rx) 21-1-2 

l-nt, ««fl»***lWa#Llll9|]jE*»*^ 
otf-^l^Mt LTHJ^-fikfttlROirjEWk 

(DEC) 22-1-2 2-nk. ftftt (D 
EC) 2 2-l~2 2-na>6**VfMWjSft.6BW 

***M9W1M$liK2 6 t . 
iR , 5$tf#7tfi^(c^-t^iR0*ffil83t3Mfill2 4 

*/HJfc4HW* 1 9 ^tiflMflSs 2 4 tfjis* 

xmt>tix<&$>***>i>T-?%m^&mfe\''<fMz 
mmtmmtmmm6 2 1 , HovmiueBwini 

53, 5 4i:£f||iTH*. 

[00 65] ;;t. 3KSfil§ (orx) 21-1-2 

1-n, fl^S (DEC) 2 2-1-2 2-n&tfl£9 

2 4 {4 , 0 1 ICS* LfcJtWIS ( O R 
X) 2 1, (DEC) 2 2&lA'IR0*tf$87tJSfi 

&2 4kP]l;*«^i><7)T'£>&. 

[ 0 0 6 6 ] t z bx\ %mmmmn&m^& 22-1 
-2 2 - nfrbnmwtifflmmi. *tifti&+** 



[0067] mmmmmizmta^titim^mmm^ 

14, BWSHWtefcS&ISl 3CJ:0m^fI-ft^$il 
*:f£. ^^r^HROWWRanSl 6(cfcivCft** 
*/H5 0 * $ ft s ft f-v */KO 

5BHfSS§ ( OTX ) 11-1-11 -n£*tl*timt 

[0068] #^**/P£9fti£fl3§ ( OTX ) 1 1 - 1 
-1 l-n(4. ***;^K9*««fcS-?&EA2E 

xmLth&T-?m^<r)W%mmm>nzt(;h x 

[0069] ZOXolzffi&t&ztlz]:*), ft-?-** 
SOT. «3lWJ:e^tW«««:^LT-fi*lflW- 

&%>-&iz£.t2>***ii>®cMit>iz{>%<mmt&z: 
t#x$&. 

[0070] 05J4*JMBW»4^KBBJIIS:S^7*o 
5. 

[0 07 1 ] H5K*SWt, 04(C^L^Hi£B©i:^ 
fflit£tt. 3@0Mafta^e»6 2(c4MMift*g 
70<IWtWvCO*£T*&. C^idC. 3fcfti*S&& 

HSLTttlHlMtefroTi. ft***/U«fc:K»)*1f 
E ASSSfflof-v-rffifta SftaffiOHfll 
T'£S<DT\ ***;HSWf4>o§$r<*iMrt$£i:# 
X'*2>. 

[0072] 06«4*^<OS5<OH^©5-^7*n 
•y70T'J>»), ifcft^fi (WDM) TtgiMv^xAttJ 
WC, T03t7T-fA'gJMK3 2fcJ:tX±03t7T^^ 

WLkt*1X*tltotxm3m*fT$ffia&i'X J f'J>.*7fi 
IX^Z. 

[00733 06fci>WC, TOfEiMiMfl^SJi. « 
»«f-v*ypc h l-c h nWr-flgsmtttti? 
timiktZVft® (ENC) 1 1-1-1 1-nt. 

^ft-t6*M(S3S (OTX) 1 2-1-1 2-nfc, # 
*2iffl»(OTX) 1 2-1-1 2-nfrt>*tl?tlU\ 

^gaa»3 2^tu-ri>7-^^7eti<@^6 ltimt 
[ 0 0 7 4 ] *Jt, Toeasss^SBtt. «WJT 
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1- i^mytm^ 6 2 1 , ifraxwBft 6 2^* z& 

^A-^/W^«TI.3t-&^Si2 7t, &+^%)\M 

izftmtitzr- ixmrn^iz^m-t 
i»^ftfi(oRx) 21-1-21-nt, wnm 

mixmmm&*timittj]thim& ( d e c > 

2 2- l~2 2-nt£{|;tTV , >l>. 

[0075]-*. ±<oimmmmmt. mm** 

*l\sc hl-ch nOT-?*SUi§- tS-f- #5 ( D E 
C) 2 2-l~2 2-n#£a}*S*lSK9*fll*£* 
ft-pnfttn UTff ^W4ff#« ( E N C ) 8 1 - 1 - 
81-nL KO^flMBSr^trflHWtStifcT-^^Sl 
fI^£r-?^t^t*ftW£$^l«fi3S (OT 
X) 82-1-8 2-nk. &5fcMfI3§ (OTX) 8 2 
- 1-8 2- nfrt>*tl?tliHjjZtl&T-tftm^Z 

feuKMzmm Lx±y r 4 xgjfw 3 s^Masti) 

^-x^3t«MB8S6 3i:^fflliTV>6. 
[0 0 76] ifc. ±")fiai»5EfKSWi, #flW4± 
0 feiM^iMfiilS*^3t7 r 4 y«SS 3 5 Zft LTiM 

^l»Hl)S3tti«6 4i: > iiuSft«*a?§6 4c7)Jfcf7£# 
f- a- */U*Hc4«fct 9 3 k , *;Mt 

6jfcgm»(ORX> 9 1-1-9 1-nfc. ISO^tff 

%tl?tl$tf}tbW7m (DEC) 92-1-92-n 
fc. (DEC) 9 2-l-9 2-n#>4,-e*vF 

0 ftS^iMfliSS <03ta«» (OTX) 12-1-12 
- n^*nwaj*f 6^f-v*/HR0stMB«aiB«9 

[0077]iCT'.±0 £i£$&11t@B«>&f# ( E 
NO 81-1-81-nti, #ft^chl-ch 
ncr>9. 9 5Gb/s NRZ*>T-*«SUI#*iJ:tf 
T t )<g)£^fI&l«D«^f§ (DEC) 22-1-22 
-n*>fc*ftfttai*aft*K9*fll«*Wt. FEC 

(Forward Error Correctio 

n) {CjSKOffiEfiF^tSrfrK Kftff^tSilfcf 
<T>? ECy ls-A.cr>0 H (Overhea 
d) gfrftt U<(i SDH/SON ET71^-A<OOHg|5 
»9¥ffi«£fMlllU 10. 6 6Gb/s NR 

[0078] ± | 3gajRsm*n<oa^» (dec) 9 

2- l-9 2-nti s K*)3pflWR*£tff-*«JWt# 
Srftgfgfs (ORX) 9 1-1-9 1 - n*»4><W*l 
Stt, FEC71/-AOOH (Overhead) gfrft 



t L < H S D H/ S O N E T7 U-ACOO HgPftKtfjQ 
V\ fS^lfc^^c h 1-c h ntf)T-*«SHI# 

tixttiztubjitz. 

[0079] ****/i*dwimmm9 4t*. «# 

(DEC) 9 2-l~9 2-n£J:9**i* f iiailJj$ 

a?rffv\ i-v*/\mnmmm*wmixmm 

(OTX) 1 2-1-1 

[0080] ?fcMfI2§ (OTX) 1 2-1-1 2-n 

n, ^^mzmmztitzmmmizm^ , »a 
[ o o 8 i ] *mmt&x'U. mmm^m^ 
sti-ct, ztihftmiiamzKtrymvzmm 

[0082] ttZs H6t*LfeflURftt. TOfiSSJR 

fc, P]«(cfflfST# i z time frx-b h . 

[00833 . ± ") fiag#£@gKOflre8 

(DEC) 92-1-92-nlC, M 0 mE«n*T<0flF 

*Wt, T OfEJM^fi^S^-^SI ( E N C ) 11- 
1 — 1 1 - nf:ll ISRcO^-v^c h 1 — c h nCOr 
-**SUf#fca#S (DEC) 9 2- 1-9 2 -n*> 

*ffi*is»t. ToeauRSfiisiaa^s <de 

C) 22-1-22-nCll r-^Hmfi-^tf«D$ 

ffi $ iifc m 0 $fP8 i fSIFSJ L T ± 0 fSjM^fi^S<0^ 
&ff3s(OTX) 82-l~82-n^ix-fnai7Jt 

tz^^jmvmffimmmmtm. mm® (ot 
x) 8 2-i-8 2-n*>\ i^o^ft$8(ca^^Sfii] 

ffi»aSr»J«W*J:3fc»*f&. 
[0084] 

flu»*»<?»3fc7 t a mm&ftixztimizmztit: 
4*B$mift ixmm i. mmmxu^mm^hcom 

■3 *ffl«t:a^ § E A £pas?)ir -v - rfl« a £ *Jffl t 

Ti»w&ft*a»t6 <t o izm&-?&zk izx o . #s 

X%h. 
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[mi] *ww>m i n'm&mz^.-tmz'hh . 1 1 , 

[02] aiC^U^fiS (OTX) <O-0J£*t 12, 

rov^HT**. 121 

[03 ] *wn<n®2cnmmm*^-$7v », ?m?*> 1 3 

&„ 14 

[04 ] *Wfl«)»3«Wl0Blllt«t^n -y ?0T'S> 1 5 , 

h. 16, 

[05] *»b^>»4 ^aftwrnsfl^rn «y mx-h 1 7 , 

S. 2 1, 

[06] *!6 H Jwm5<O||{6»BSS:^ya-y^0T'*) 22, 

I). 23 

[07] EAsasfcttfta^rawEfcf-^-rffi 24 

ftatWBMRSrS'TH'C**. 2 6 

[08 ] *7 r irtmmmv&n-mmwzk 3 1 , 

56 

[H9]*/W*a4±9&tfAT9«4Kmr** 6 1. 

sttftsatth t mmnstmx'h s . 6 2, 

C^^lftBB] 7 



81 flr#»<ENC) 

8 2 *aH»(OTX) 

EA^HgB 

25, 53, 54, 55, 56 3t*r5 
94 »***/MR9*fltmMII 

2 7 3£&#&3S 

9 1 *»IH(ORX) 
9 2 a^S(DEC) 

3 2, 3 5 3t7r>fAfisj3&» 

6 3 7*-**#*«» 

6 4 MSXKNItt 



[01] 



11- 



(ENC) 



(OTX) 



31 «774>' ,25 



*7*7 



(ORX) 



<24 



,22 



(DEC) 













ttBS 



^23 



[033 



AM* (ENC) 




*£2 


r 



















■Mr 
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[02] 



126 



AT C 



APC 



4 



.1 



124 EASCHft/a-jif 



,,121 



I 123 ' 122 ' 



si r-*«5ira^- 



■S3 ?'-*fttt£ 



125 



•v 
I 

7* 



[07] 




-0.6 -I -1.6 
'UT*W£ (V) 



S2 S80*Mfl« 



[04] 



i 



chl 



ch2 



chn 



^sn i 



ENC 



^ 12-1 



]— OTX -* 



rvs. 



^s/l l 2 ^ 12- 2 

ENC W on k 

— zr 



i i 

^1 1 n ^ 12-n 



ENC 



on H 
If 



"7 

13 



27 wl 



56 
7t*7*7 



55 



54 



1/ 



53 



-* ORX [-* 



^2 1 2 -/22-2 
— ORX | ~* DEC [ — 



^2 1 1 ^22- 1 



DEC 
1" 



I t 
^2 1 o 



-* okx | — » 



DEC 



-3 



24 



ch^ * 



I 

chn 



3 ***#H9*«* 



(& 2) )02-l 64846 (P2002-164846A) 



[05] 



ohl. 



ch2- 



^ L l-2 L2- 2 
* | ENC | — * OTX - 




1/ 




^/ ^ 22- 2 
— CKX | — - DEC 



2 1-1 ^/22- l 
ORX — *|^DEC 



^✓21-™ ^ 22-tn 



— ORX 



JJ 



«.chl 



-ch2 



26 



[H6] 



[08] 



chl 



11-1 12-1 21-1 22-1 

r^-, .^17 27 v ^ 



ENC 



ch2 



chn 



11- 2^ 1 2 -2 \^ 



j I 
11-n' 12-n 



■^"enc -' {ore} *, 



32 

61 / 62 



* ORX * ORX 



■^ j ORX - 



^✓21 - 2 ^2 2-2 



21-n 22~ti 



chl 



DEC 



92-1 91-1 

orx *TS 



chn 



92 2 91-2 

DEC ORX p - 

I t 
i t 

92 h 91-n 



DEC 



82-1 81-1 

83 v_ 



35 



V* ORX 



64 | 63 



±5 



ENC 



82-;2 6^«- 



ORX [ *■ 



ENC "~ 



82-n 81-n 



«- ORX f - 



ENC 



-[^x]*{^4|^ 



chl 



ch2 
I 



(a) 



ft 

» 

1$ 



D 







(b) 




D< 0 - 


D>0 



[09] 



(.) * 



(b) 



(c) a 

i 



(a>0) 



<a<0) 



